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RB C = Rot at ing B io logical  Cont acto r  
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iv 
A B BR E VIAT I O N S A N D  SYM B OL S  (CON T . )  
SCFM = Cub i c  Feet p e r  M inute at s t andard cond itions 
SC�1BTR = S cum Bus t e r  
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I N T-RODUCTI O N 
The p as t years  have shown dras t ic changes in energy cos ts , l argely 
the changes have been for the wo r s e  in the pub l ic s ec t o r . From 1 9 7 0  to 
1 9 8 0 , the p r i c e  for one b arre l of c rude o i l  ros e f rom $ 3 . 15 t o  $33 . 5 0 ,  a 
1 0 6 0% incr e a s e .  The p r ices o f  the var ious energy s ources are shown in 
Tab l e  1 ( 1 ) . The resu l t  o f  t.he increas ing ener gy cos t s  is  imp roved 
management by energy cons umers as w e ll as energy con s e rvat ion measures 
throughout the Un ited S t at e s . 
The des ign o f  energy e f f ic i ent uni t s  in was tewat e r  treatment 
plants  has been over l ooked in the pas t . As a r e s ult o f  this  neglect ion , 
the ope r at ing budget s for po llut ion cont ro l fac i l it ie s  have inc reased at 
an a l arm ing r a t e . I n  r espon s e  to the r i s e  o f  the ele ct r ic a l  bil l s , �his 
pap e r  w ill p rov ide a comprehens ive energy ana l y s i s  of the units  us ed at 
the B rookings W as t ewater Treatment P l ant . 
The s tudy wi l l  ident i fy the key areas o f  ene rgy us age fol l owed by 
a tho rough analys i s  o f  the s e  un its . 
The obj ect ives-o f thes e inves t igat ions are as fol l ows : 
1. To evaluat e the pot ent i a l  for redu c ing energy us e 
in the B rook ings Was t ewater Treatment F ac i l ity; 
2 .  To incorpo r at e  the most feas ib l e  ene r gy - s av ings 
measures in�o the operat ing s chedu l e  o f  the 
Treatment p l ant s hould any such measures be 
revea l ed , and 
3 .  To recommend further ene rgy s tudi e s . 
2 
B A S I C  CO N C E PTS A N D U N I TS 
I n  was t ewat e r  t reatment , the main fo rm o f  ene rgy us ed is 
e l ect r ic ity . The fo l lowing dis cuss ion w i l l  int roduce ene r gy t e rms , 
measurements  and var ious c a l cu l at ions us ed w ith e lect r i c ity and its ro le 
in was t ewa t e r  t re atment. 
E n e rgy Terms 
To b e g in with , ene rgy mus t b e  de f ined . I t s  mo s t  common d e fin it ion 
is  'th e capac ity t o  do work' ( 2 , 3 ) . The bas ic un it b e ing the j ou l e  in 
the MKS s ys t em (met e r , . ki logram , s econd) . Power  mus t a l so be def ined 
s ince it  i s  the rate of trans f e r r ing ene rgy. I n  the MKS sys tPm the un it 
o f  power is the watt ( de f ined as one j ou l e  p e� s econd ) (2 , 3 ) . 
Tab l e  2 l is t s  ene rgy and power t e rms . ( No t e in Tab l e  2 that BTU 
and k i l owat t - hour are l is t ed under the ene r gy s ect ior J. ETU' s are 
gene r a l ly us ed for natura l gas, coa l , p ropane , dige s t e r  gas , etc. while 
KWH's are gene r a l ly an exc lus ive e l ect r ica l t e rm . T::ible 3 (1,4:; re l at es 
the var ious typ e s  o f  fue l . 
Hor s epower  a l s o  is a common ly us ed t e rm when s p e ak ing of power 
us age . The var ious types o f  hors epower c an b ecome con fus ing at times.  
There  is  wat e r  Hp , b r ake Hp and wire Hp . A l s o  inc l uded is  namep l at e  
( motor) H p  ( 2 , 3 ) . 
Wat er horsepower i s  comput ed as fo l lows : (2 , 3) 
Wate r  Hp = GPM x H ( in feet) 
3960 
where head (H) is the t ota l feet of water being pumped agains t and 3960 
I 
o I 
Table 1 .  ��ctua l P r ices  for Ene rgy Sources in t h e  U . S .  ( 1 )  
Natura l Gas 
Cil OOO c f  
C rude O i l  Motor Gas A l l Res ident . 
Year $ / B a r r e l ¢/gal . � us e 
1 9 6 7  2.9 1 3 3 . 2  52 . 0  8 4 . 7  
1 9 6 8  2 . 9 3 3 3 . 7  5 0 . 4 85 . 6  
1 9 6 9  3 . 05 34 . 8  5 1 . 5  8 6 . 8  
1 9 7 0 3 . 1 5 3 5 . 7  5 3 . 6  9 1 . 0  
1 9 7 1 3 . 35 3 6 . 4  57 . 6  9 7 . 6  
1 9 7 2  3 . 35 3 6 . 1  6 2 . 0  1 0 3. 3  
1 9 7 3  3 . 94 38 . 8  6 6 . 5  1 0 8 . 2  
1 9 74 8 . 8 6 5 2 . 8  8 1.9 1 25 . 3  
1 9 75 1 0.00 5 6 . 2  1 0 9 . 5  1 5 4 . 2  
1 9 7 6 1 0 . 8 9 5 8 . 7 n / a�·:- 184 . 6 
1 9 7 7  1 1 . 9 6 n / a  n/ a 2 2 6 . 4  
1 9 7 8  1 2 . 46 65 . 2  n / a 262 . 6  
1 9 7 9  1 7 . 7 2 88 . 2 n/ a 3 2 3 . 1 
1 9 8 0  3 3 . 5 0 122 . 2  n/ a 4 2 0 . 6  
�·:- n/ a = not ava i l ab l e 
Tab l e  2. Energy and Power Term ino logy 
Energy 
MKS un it = Jou l e  ( J )  
1 foot - pound = 1 . 356 J 
1 c a lor ie = 4 . 1 84 J 
1 BTU = 1 0 5 4  J 
1 KW- h r . = 3 . 6  x 106 J 
1 K i loton = 4.184 x 106 J 
1 Quad = 1 . 054 x 1 01 2 J 
Pow e r  
MKS un it  = Watt (W) 
1 BTU/ day = 0 . 0 1 2 2  W 
1 HP = 746  W 
1 KW = 1 0 0 0  W 
1 �1egaw at t  = 1 06 W 
Goa l  
S/ton 
4 . 6 2 
4 . 6 7 
4 . 9 9 
6 . 26 
7 . 0 7 
7 . 66 
8 . 53 
1 5 . 7 5 
1 9 . 24 
20 . 0 0 
19 . 8 2 
2 1 . 7 8 
2 5 . 0 0 
3 0 . 00 
3 
4 
i s  a cons t ant . B r ake hors epowe r will be larger  t han the wat er hp 
becaus e o f  the l os s es that occur w ithin the pump ( pump e f f i c i ency) 
( 2 , 3 ) . 
B r ake Hp = Wat er Hp 2 
Pump E f f i c i ency 
W i r e  hors epow e r  is det e rm ined by account ing f o r  the e f f i c iency of the 
mot o r  ( mo t o r  e f f ic i ency ) ( 2,3 ) . 
W ire Hp = B rake Hp 
Motor E f f ic i ency 
b var iety of t e rms a l s o  need to be d i s cus s ed .  The s e  inc lude : 
1) A lt ern at ing Current (AC ) 
2) 3 - Phas e power 
3 )  Power Factor 
Tab l e  3 .  En�rgy Sources Us ed in Was t ewat e r  T r e atment 
ENERGY SOURCE 
C o a l  
Petro l eum 
Natur a l  G as 
D iges t e r  Gas 
E l ec t r ic ity 
HEAT CONTENT 
1 1 , 0 0 0  
138 , 0 0 0  
1 , 030 
6 0 0  
3 , 4 12 
BTU / lb 
BTU / g a l  
BTU/ c f  




ALTERNAT I NG CURRENT ( AC) 
A l t e rnat ing curr ent is  the cur rent supp l i ed by the power ut i l ity . 
B as ic a l ly the e l ect rons in the w i r e  are moving in one d irect ion for an 
ins t ant, fo l l owed immed i at e ly by a change in d irect ion , resu l t ing in the 
f low to  move the other way . Th is  switch ing movement is  the fr equency o f  
the ac c i r cu i t  ( in t h e  United States , the f requency us ed is  60 cycles 
per s ec ond ) ( 2 , 3 ) . 
Power is  t r ansm i t t ed more e f f ic i ently w ith the current in this 
a l t e rnat ing form becaus e trans formers can be us�d to incr e a s e  t�e va lue 
of the vo l t age ( 3 ) . When the vo l tage is inc r e as ed, the cu rr ent drops , 
thus decreas ing power l os s es . Equat ion 4 i s  us ed to  f ind power los s . 
p = r2 X R 4 
In equat ion 4, I is the curr ent f lowing in the w i r e s  and R i s  the w ires 
res ist anc e. 
3 - PHASE POWER 
AC current is generated in three s epar ate cur r ents. Each phas e is 
t rans m i t t ed ove r a s eparat e w i r e  and is out o f  phas e 1 2 0• w ith the other 
two w ith its m a in purpos e  to reduce power los s e s . In three -phas e power , 
s ma ller lo s s e s  wi l l  o ccur as more power is  del ivered. Three-phas e, 
threew i re sys t ems are ab l e  to  de l iver more power than sing le - phas e, two ­
w i r e  sys t ems ( 3,. 
POWER FACTOR 
The power  factor is def ined as the actua l power  us ed in a circu it 
divided by the apparent power (the power which is  apparently being drawn 
from the l ine ) . The h igher the power factor, the b e t t e r . 
factors  w i l l  resu l t  in s ho r t er moto r  l ives . 
Low powe r 
Correct ion o f  the power factor can b e  ach ieved by add ing 




TH E E N E R G Y  B I L L 
S ioux Va l l ey Emp i r e  E l ect r i c  A s s o c iat ion , I nc . , l ocated at Co lman, 
S outh D akota supp l ies  the e l ect r i c ity to the B rook ings Was tewat er 
Tre atment P l ant. The b i l l ing is unde r  S chedu l e  GS (Gener a l  Serv i ce) 
becaus e it is c l as s i fi ed as one o f  the three fo l low ing us er  ca�ego r ies : 
1) sma l l  comme r c ia l , 2) l arge comme r c i a l  o r  3 )  indus t r i al (5). 
Tab l e  4 ,  l is t s  the energy charge r at es . 
Tab l e  4;': . Energy Charge Rat es  
K il ow att- Hou r Ch a rge Sched u l e 
F i r s t  5 0  KWH pe r month @ 2 0 . 0C per  KWH 
Next 5 0  K\vH per month @ 1 0 . 5C per  K\�H 
Next 400  K\vH pe r month @ 7 . 5C per KWH 
Next 1 2 , 0 0 0  KWH per month @ 6 . 0C per K�H 
Next 37 , 5 0 0  KWH pe r month @ 4 . 2C p er KwH 
Over 5 0 , 0 0 0  KWH per month @ 3 . 5C p e r  KWH 
Dem a n d  ( KW) Ch a rge Sched ule 
F i rs t  5 0  KW of b i ll ing demand per month - No Charge 
Over 5 0  KW o f  b i l l ing demand per month - s s. oo per KW 
* Repr inted from (5 ) 
The demand rate is regis t ered on the KW met e r . The demand reading 
is an indicat ion o f  the maximum power requ i rement that i s  ne ces s ary 
dur ing a known t ime int e rva l ,  usua l ly 15 minu�es ( 2) .  The indi cator 
typica l ly needs the ent i r e  15 m inutes  to record the fu l l  demand . For 
example , as sume the ind icator is  read ing 1 0 0  KW and a 3 0  KW moto r  is 
turned on . The fu l l  30 KW wou ld be regi s t e red aft e r  15 m inutes  ( the 
met er would r e ad 1 3 0  KW) , howeve r i f  the mot o r  r an 10 m inutes , only a 20 
KW addi� ion wou ld be register ed . S imp l y  s t at ed , the meter re ading is 
8 
fai rly l inear  w ith respect to t ime and demand . 
The r e as on a demand rat e  is be ing us ed , i s  t o  recover s e rv ice 
charges , f ixed cos t s  and var i ab l e  cos t s  (2, 5 ) . These cos t s  can be 
furthe r b roken down . The s ervice charges are the charges s et by the 
e l ect r ic company to p ay for adm in i s t r at ion , met e r  r eadings and b i l l ings . 
The f ixed cos t s  inc lude exp ens es such as t r ans m i s s ion l ines , powe r 
p l ants and the var i ous t r ans formers . The var i atle cos t s  r elat e to i t ems 
such as  fue l and sys t em los s es and operat ions . A l l the pr eceedi�g cos ts 
are inc luded in the demand ch4rge. Also inc l uded in the demand i s  the 
cos t  the ut i l ity charges to keep its gene rat ion capacity a� l east as 
. high as the consumer uses  (the ut i l ity mus t  have eno u gh power on hand to 
meet this  demand at a l l  t imes ) .  
I n  B rook ings , the demand is  r e s et each month . M any ut i l it ies do 
emp loy a ' r atchet c l aus e' howeve r (2,5). Th is  i s  us ed in s ituat ions 
whe re a consum e r  h as h igh demand one month , f o l l owed by a month of very 
l ow de!Yland. When this  i:1appens , the ut i l i ty w i l l  h ave id l e  equipment . 
The ut i l ity w i l l  then charge the consumer bas ed upon the peak demand 
recorded .  Dur ing the months whe re a l ow dem and i s  regis t ered , the 
bi l l ing w i l l be ( fo r  examp l e )  no l e s s  than 75% of the p e ak demand that 
occurred dur ing the p r ev ious per iod ( 2 ) . 
The ene rgy cha rge (¢/K\vH) can be obs e rved t o  decreas e with an 
incr eas e  in KWH us age . The B rookings p l ant w::.l l a lways us e more than 
1 2,50 0  KWH p e r  month the r e fore the main port ion o f  e ach bi l l  w i l l  be ir. 
the 3 . 5 - 4 . 2 c p e r  KWH range . As ment ioned ear l i e r, this  is S ioux 
Va l l ey Emp i r e  E l ect r ic As s o c iat ions ' Schedule GS.  Th is me�hod of 
bi l ling is  a s t andard among mos t  e l e ct r i c  ut ility companies (though the 
.Q 
charge rat es  may vary ) ( 5 ) . 
The fo llowing i s  an actu a l  examp l e  o f  a month l y  e l ectr ica l b i l l  
from the Brook ings Was t ewater Treatment Plant: ( Examp l e) For December 
19 8 3  the demand was l is t ed as 4 1 0 . 8 8 K\V' and the K\vH us age was . 248 , 0 64 
KWH. From Tab l e  4 ,  4 10 . 88 - SO or 3 6 0 . 8 8 KW was charged at $ 5 . 00 per 
KW, wh i ch is $ 1 8 04 . 40 .  The KWH us age o f  248 , 0 64 K\vH w as broken down as 
fo l l ows : 
0 to  so KWH@ 20 . 0C per KWH = $ 1 0 . 00 
5 1  t o  1 0 0  KWH@ 1 0 . 0C per K\-.7H = $ 5. 25 
1 0 1 to  5 0 0  K\oJH @ 7 . 5C per K\vH = $ 30 . 00 
5 0 1  to  1 2 , 5 0 0  KWH@ 6 . 0C per KWH = $ 7 2 0 . 00 
1 2 , 5 0 1  to  5 0 , 0 0 0  KwH@ 4 . 2C per KWH = $ 1,5 7 5 . 00 
5 0 , 0 0 1  t o  2 4 8 , 064 KWH@ 3.Sc per KWH = $ 6,932.24 
K\vH charge = s ub total = 9 , 2 7 2 . 49 
Demand charge = 1 , 804 . 40 
Tot a l  = $ 1 1 , 0 7 6 . 8 9 
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P UM P I N G E N E R GY 
I n  the maj o r ity o f  act ivat ed s ludge p l ants , pump ing ranks as the 
s econd l ead ing energy u s e r . In p l ants othe r than act ivated s ludge ( s uch 
as t r ick l ing f i l t e r  p l ants ) ,  pump ing is o ft en the l e ad ing ene rgy 
consumer .  
A con s t ant f low , cons t ant head , and the pump ing o f  a c l ear l iquid 
are the three parameters as s o c iated w ith opt imum pumping condit ions 
(2, 4). A cons t ant head , whi ch ide a l l y is  low , is impo s s ib l e but wou l d  
res u l t  i n  l ow p ipe los s e s throughout the sys tem. Pump ing a c l eaY liqu id 
wou ld a l l ow the us e o f  a pump with clo s e  c l ear ances (no s o l ids be ing 
pumped )  and high e f f i c i ency . 
To p rovide a cons t ant f low ,  equa lization bas ins are avai l ab l e .  
Th i s  s o lut ion is  usual ly not f easib l e  in mos t  p l ants due to the 
result ing l arge , deep bas ins requ ired for the necess ary s torage 
requir ements . 
A reduct ion in the pumping head can be obta ined by inc reasing 
wetwe l l  l eve l s  or a lt:ernating pump operat ions . Th i s  w·i l l res u l t  in 
dec reas ing the oper at ion head range in the wetwe l l  (2). 
Owen (4) s ugge s t s  design ing for econom i c a l pumping sys t ems , not 
the changing o f  s ys t ems aft er cons truction has a lre ady occurr ed . The 
me asures he sugge s t s  are as fo l lows : 
... � S e l ect · umps for average, rathe r than maximum 
cond itions . 
* App ly motors c los e to the ir nameplate rating 
� Spec i fy prem ium e fficiency motors . 
� Reduce maximum demands . 
l· 
� Improve the power factors o f  the motors . 
* Shi ft l o ads t o  the e l ectric ut i l i t i e s  o f f - pe ak hours . 
* Locat e pump ing s t at ions in the sys t em where the mos t  




AE RAT I O N  ENE R G Y  
Ae rat ion theory , o r  gas t rans fer , may be de f ined a s  t he proces s  by 
whi ch gas is t rans ferred from one phas e to another (mos t  common ly from 
the gas eous t o  the l iqu id phas e )  ( 6 ) . I t  is es s ent i a l  to keep in m ind 
that in order for the m i c roorgan i s ms to us e the oxygen , the oxygen mus t 
b e  d i s s o lved into the was t ewat er , not j us t  be pres ent in the was t ewat er 
in the form o f  bubb l e s . 
I n  was t ewat e r  t reatment , the s o lub i l ity o f  oxygen is  very low , 
thus the oxygen t r ans f e r  w i l l  be low . Large quant it ies o f  air  mus t 
the r e fore b e  s upp l i ed t o  t r ans fer the requ i red amount s at· oxygen 
( 1 , 2 , 4 , 6, 7 , 8) .  
Oxygen .c an b e  prov ided by var ious methods . A i r  bubb l es are o f t en 
int roduced d irect ly into the wat er at var ious depths ( o ft en as deep ·as 
30 feet ) to produce gas -wat e r  inte r faces . Another common pract ice is to 
int roduce l a rge amounts o f  oxygen int o the l iqu i d  by expos ing the 
was t ewat e r  t o  the atmo s phe re , mainly w ith mechan i c a l  aerators ( 6) .  
The two - f i lm theory is  the s imp l e s t  and the mos t  common ly us ed 
theory for des c r ib ing gas trans fer . F igure 1 is a s chemat ic diagram o f  
the oxygen t r ans fer i n  act ivat ed s ludge (7). Two f i lms, one l iquid , the 
other gas, exi s t  at the gas - l iquid int e r f ace . Oxygen moves acros s the 
a i r  bubb l e  t o  the gas - l iquid int e r f ace . From there, the oxygen pas s es 
through a gas f' lm, then through a l iquid f i l m  and. into the wa�tewat er 
where i t  i s  r e ady for us e (2,7). 
1' 
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OXYG E N  T RA N S F E R  
The r a t e  o f  oxygen trans fer  i s  the main con t rol l e r  for the amount 
of ene r gy u s ed in aerat ion . Thi s  is t rue becaus e the t r ans fer  rate 
d i r ectly in f luences the number o f  aerator s  needed . As the t r ans fer  rate 
incr eas e s  few e r  numbe r  of  aerators will be neces s ary . Table 5 pres ents 
the paramet e r s  a f fect ing oxygen t r ans f e r . 
Table 5 .  P aramet e r s  A f fect ing Oxygen Trans f e r  
EQU I PM E N T  E N V I RO N M E N T 
B ubble s iz e  
D i f fus e r  Air Rat e 
D i f fus e r  P l ac ement 
Oxygen D r iving For c e  
Was t ewat e r  Temper a�ur e  
Was t ewat er Charact e r  
Atmosphe r i c  P re s s u r e  
Equat ion 5 i s  the method us ed to c a l cula t e  oxygen t rans fer for 
d i f fu s ed a i r  and s ubme rged �urb ine aer ators in conditions other than 
s t andard (2,8) . 
Mlli_ = a { (C s c•': ) (6) - Co} 9T-
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SOR Cs  
Whe r e : AOR = Actua l Oxygen Rat e , pounds of  oxygen per 
hors epower - hou r . S ee F igur e  3 
SOR = S t andard Oxygen Rat e , pound s  of oxygen 
per hor s epowe r - hour . See F igur e  3 
a = Re l at ive rate of oxygen t r ans f e r  
compared �o clear wate� , d imens ionles s 
6 = r e l at ive oxygen s a�urat ion va lue as 
compared to c l ear wat e r , d imens ion les s 
e = Temp e rature correct ion cons �ant 
C s c* = Corrected C s c  va lue for wat e r  dept h , D ,  
and oxygen cont ent of gas eous phas e ,  mg/ 1 
C s  = Oxygen satu rat ion va lue of c l ear w a�er 
at s t andard cond it ions , C s  = 9.17 mg/1 




Co = I n i t i a l  dis so lved oxygen l eve l , mg/1 
T = Temperature of  bu lk liquid , °C 
14 
Alpha , o: i s  a lways l e s s  than 1.0, this  ind i c a t e s  that the oxygen 
t r ans fer  r a t e  i n  was t ewat er i s  les s than the oxygen t r ans fer rate in 
· cle ar wat e r . The s e  values gene r a l ly range from n e a r  0 . 8  to as high as 
0. 94 ( 2 , 8 ) . 
B et a , B , is also les s  than 1. 0 (w ith a r ange f rom 0. 90 to 0. 99) 
and ind icates  that the oxygen s aturat ion va lue in was t ewat e r  is les s  
than that in wat er . A sma l l e r  s atur at ion value r es ult s in a decreas e in 
the oxygen dr iving force , thus caus ing the oxygen t r ans fer rate to 
· dec re a s e  ( 2 , 8) . 
The oxygen d r iving force is oft en cons idered the p a r amet e r  to t ry 
to cont ro l , at l eas t from the ope rator's s�andpo ir� . The oxygen driv ing 
for ce is the d i f fe rence betwe en the oxygen saturat ion va lue of the 
was t ewat e r  and the actua l bas in d i s s o lved oxygen ( 2) . The l arger the 
d i f ference between the two , the l arger the oxygen t r ans fer  rate; thus 
result ing in les s  energy requ i r ements  for aerat ion . 
Equipment is the only other part of  the oxygen t r ans fer  me chan ism 
that can be phys ica l ly a l t e r ed to reduce ener gy cons umpt ion . Equipment 
that p roduces sma l l bubbles is mor e e f f i c i ent than e qu ipment p roduc ing 
l arge bubb l es.  The sma l ler  t he s ize of  the bubb l e , the l arger the 
sur face area ava i l ab l e for oxygen t rans fer to occur . For c a l cu lation 
purpos e s , the Actua l Oxygen Rat e  (AOR ) and the S t andard Oxygen Rat e 
( SOR ) s hou l d b e  equa l for the equipment us ed . E quation 5 mathemat i c a l ly 
rep res ents this re l at ionship . 
! ' 
15 
A E RATI O N  METH O D S 
The r e  are  two bas i c  ways to incorporate the a i r  into the 
was t ewat e r : 1) d i f fus ed-a i r  ae rat ion ; and 2 )  mechan i c al aer ators . 
DIFFUSED AIR : In d i f fus ed a i r  sys t ems , there are t h r e e  s izes o f  bubbles 
that c an be p roduc ed : 1 )  f ine , wh ich w il l  re sult in a h igh t rans fer 
e f f i c i ency ( 10-3 0%) , 2 )  medium ,  which wi l l  re sult in medium t r ans fer 
e f f i c i ency ( 6- 1 5%) and 3 )  coars e ,  which w ill r e s ult i n  a low t r ans fer 
e f f ic iency ( 4 - 8%) . 
In add it ion to bubb l e  s ize , depth of the d i f fus e r s  is  also a very 
import ant f actor in oxygen t rans fer e f f i c i en cy . As the depth of the 
d i f fus e r s  incr e as es , so does the trans fer e f f i c i ency . Thi s  corre l at ion 
b etween depth and e f f i c i ency s hou ld not be ove rlooked . For examp l e , i f  
a d i f fus e r  w a s  l oc at ed at a depth of 1 5  f eet, the t rans f e r  e ffic iertcy 
may be 30 percent, but on ly 15 percent at a depth of 10 feet ( 2 ) .  
MECHANICAL AERATION : Mechan i c a l  aerat ion can b e  accomplished by one of 
two methods : 1 )  sur f ace aerator s or 2 )  s ubme rged turb ine aerators 
(1 , 2 , 6 , ) .  Sur f ace aer ators are the s implest of al l the var ious typF of 
ae rat ion s ourc e s . B a s i c a l ly , as the impe l l e r  is subme rged deep e�, the 
oxygen t r ans f e r  inc reas es . However , this results in an increas e in 
requ i r ed hor s epower as s hown in F igure 2 (2 ) .  S ubme r ged turb ine 
aerators do not r e ly on the turbu l ent s t i rring of the sur f ac e  and the 
ent r ainment of a i r  for the ir e f fic iency ( 6 ) . Turb ine a e r ators of ten us e 
air  or pure  oxygen that is d i f fused into the w as t ewat er beneath the 
impeller. This s y s t em can be cont ro l l ed by thrott l ing the amount of air 
into the basin, thereby producing an overa l l  reduction i n  ene rgy (2 , 6 ) .  
F i l m  
Film 
A ir 
L i qu i d  F i l m  
B ubble 
Biolog ical Cel l 
F igure 1. Schemat i c  d iagra m of oxygen trans fer in 
act i vated sl udge 
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Figure 2 . Oxygen transfer and Brake Hp vs. 





4 0  
3 0 
20 
(I) >. ca 
"0 
.; 1 0  
E 8 � 
c 6 0 
-
c 4 GJ 
-GJ 
a: 2 
GJ Q "0 
:J 
(J) 
.so . 8 2 . 8 4  . 86 . 8 8  .90 .92 
a: & 6 , dimensionless 
Figure 3. Design values for a: & B for 
.r.e.actor basin design 
.94 . •  96 .9 8 
17 
1 8 
Table 6 is a compa r i s on o f  the var ious types  o f  a e r at ion syst ems (4) . 
The data we re obt a ined f rom two di f ferent f i eld a e r at ion t e s ts conduct ed 
at Minneapolis - S t . Paul , HN and at the Cont r a  Cos t a  County S anitat ion 
D i s t r ict , C ali forn i a . 
Tab l e  6. Aerat ion Sys t em Comp a r is on ( 4 )  
Aer at ion Device 
Sur face Aerator 
S ubmerged Turb ine 
Pure Oxygen ( C ryo ) 
F ine Bubble 
Coa r s e  Bubb l e  
Oxygen Tran s f e r  
e f f i c i en cy 







E N E R G Y  USA G E  
D i s so l ved Oxyge n  Cont rol 
Aerat ion is the larges t  consume r of energy in act ivated sludge 
plant s . I n  the m ajo r ity of thes e plant s , the a e r at ion fac ilit ies were 
des igned for m e et ing future loadings much h i gher  than the loadings 
cur rently b e ing r e c e ived . Frequently the aerat ion c ap a c ity exceeds 
demand , thus p rov id ing an area for energy s av ings by s imply r educ ing the 
output o f  a e r at ion equi pment , whether this  means s hu t t ing down a s et of 
d i f fu s e r s  or a s ingle blower . · Hope fully the s ys t em is des igned to 
perm it t h i s  pos s ib ility . 
The f ir s t  step i s  to det erm ine the cur rent amount o f  oxygen needed 
by the s ys t em . Manu facturers  of  aeration equipment recommend 
guidelines' yet the dec iding factors s hould be actual t est data a] ong 
w ith good e f fluent quality cont rol (2). 
The oxygen i n  the aerat ion bas in is ma inly u s ed to meet the BOD 
and n it r i f i cat ion demands and to s upport m i c roorgan i s m  r e s p i r ation 
(2,6,7,8). F igur e  4 (2) compares the bulk D . O .  to the oxygen uptake 
r ate ( O . U . R . ) (2). The bulk D . O .  is the D . O .  p r e s ent in the bas in . 
The w idth of  the s h aded band in F igure 4 ind i cate s  that there  is  an 
acceptable r ange for bulk D .  0. for certain 0. U .  R .  ' s .  ·F igur e 4 is 
part i cularly us e ful for plants w-ith underloaded condit ions and O . U . R .  
levels o f  10 - 30 mg/ 1 / hr . Thes e plants are o f t en run w ith D . O .  levels 
f rom 2 to 4 mg/ 1 . I t  can b e  obs erved f rom the f igure that these  D . O .  
levels when comb ined with cor responding high O . U . R .  ' s ,  w ill indicate an 
ove r - ae r at ion s ituation . Th is trans l ates to exces s  ene r gy exp enditures . 
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Nitr if ic ation 
Tot al oxygen demand in was tewat e r  can b e  f a i r ly h i gh i f  a large 
port i on o f  t h i s  tot a l  is  requ ired for nit r i f icat ion , the convers ion of 
ammoni a  to n it r at e ( 2 , 7 , 8 ) .  By l imit ing n it r i f i c at ion , a s ub s t ant i a l  
ene rgy s av ings cou l d  occu r . 
N it r i f i cat ion o f  1 . 0 p art of ammoni a  requ i res 4 . 6  p a r t s  of oxygen . 
I t  has  b e en s ugges t ed by var ious sources  t hat the  d i s s o lved oxygen 
concent r at ion s hou ld be he ld b etween 2 .  0 to 3. 0 mg/ 1 ( ppm ) in the 
aerat ion tanks ( 2,4 , 6 , 7 , 8 ) . 
S eve r a l  methods of  l ower ing aerat ion energy requ irement s are 
pos s ible . I n i t i a l l y, a s u rvey of the ope rat ing p a ramet ers  i s  neces s ary . 
Temp e r ature� pH and d is s o lved oxygen are the c r it i c a l  p ar ame t ers . Tab le  
7 (7) s ummar izes  the rates of n i� r i f ica�ion at var ious t emp eratures . . 
Tab l e  7 .  Re l at ive Rat e s  of Nit r i ficat ion at 
Var ious Temperatures 
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The max imum rate of n it r i f icat ion ·occur s  at a t empe r ature of 30 • 
C .  S ince t h i s  t empe rature of was t ewat er i s  p r e s ent on ly in the 
s outhern - mos t areas o f  the Un i t ed Sta�es , Tab l e  7 a ls o  inc ludes ot:her 
t emp erature r e ad ings (7). 
The opt imum pH for nitrifica�ion is be tween 8.2 and 8.6 (7,8). 
Figure 5 (7,8) dep icts �he relationship of pH and nitrification. At a 
pH of 7 .  0 or b e low, i � can be s een that l e s 's t:han 5 0  perc en� of t:he 
2 2  
max imum nitr i ficat ion r at e  o c cu r s . 
It s hou l d  b e  no t ed that l im i t ing n it r i f i cat ion is f e as ib l e  on l y  in 
p l ant:s whe r e  n i t r i f i c at ion is not designed into the plant oper at:ion . 
The B rookings plant i s  bas ed upon n itr i f i c at ion , t h e r e f o r e  no changes 
are s ugge s t ed (wit:h r e s pect to l im i t in g  n it:r i f i c at ion ) . 
Temp e r ature and pH are two paramet e r s  that c anno t b e  eas i ly 
contro l l ed .  Howev e r , the dis s o lved oxygen in the a e r at ion bas in can b e  
c ont:ro l l ed b y  t h e  ope rat o r . 
Anot:her  p a r am e t e r  that c an be a l t e r ed is the meaL c e l l  res idenc e 
t irne (HCRT) of the s ludge ( 2, 8). Thi s  is the ave r age t irne the s 1 udg e  
r em ains in the t re at:ment sys tem b e fo re it  is w as t:ed, e ither 
in�ent iona l ly o r  not . A �1CRT o f  5 t o  8 days w i l l  l im i t  n i t r i ficat ion 
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C A S E  H I S TO R I E S 
The fo l low ing cas e histor ies are examples o f  the ben e f its that can 
b e  att a ined from energy audits and rev i ews . 
Sch e n ect ady, N Y  
The year ly s av ings was estimated at $34,542 from var ious energy 
cons e rv ation measures . Thes e included : 1) ins t al l at ion o f  capac itors 
to improve the power factor ; 2) res chedul ing of pump ope rat ion; 3) 
s e l ect ion of an ene r gy - e f f i c ient var iab l e - s pe ed dr ive; and 4) 
rep l acement of pumps to obtain h igher e f f i cienc i e s  ( 1) .  
R ochester, N Y  
An annual s av ings of  over $2.2 m i l l ion was made pos s ible by two 
alterations : 1 )  r ep l acement of  vacuum f i l t e r s  w ith belt p res s e s  to 
reduce mois t u r e  of  s ludge; and 2 )  changing the mu l t ip l e -he arth furnace 
from exce s s -a i r  to starved - a i r  ope r at ion ( 1 ) .  
A u b ur n, N Y  
A yearly s av ings of $59,300 was rea l ized by s ub s t itut ing po l ymers 
for l ime and f e r r i c  ch lor ide as condit ion ing chem i c als in sludge 
dewate r ing to p rodu c e  more - concent rated , low e r -vo l ume s ludges . The 
s avings w e r e  the r e s u lt of l e s s  fue l  u s ed in the inc ine r ation p roces s  
( 1 )  . 
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C l ark Co unty, N ev ad a  
Thi s  plant burns its  d ige s t e r  gas for power . About 19 , 00 0  cub ic 
feet of  gas are p roduced per hour ( 1). 
Brook in g s C ity Wastew ater Treatment P l ant 
The was t ewate r plant at B rook ings , South Dakota is currently using 
a sys t em that str ips heat f rom t reated was t ewater and then uses  the 
resultant heat to warm the ventilation air for the p ip e  g alle r i es and 
acce s s  tunnels . Th is  sys t em minim izes moi s ture p roblems and maintains a 
year - round t emper ature  of not le s s  than 35• F to pr event p ipe f reez ing . 
The heat r ecovery sys tem is illus t rated by the s chematic in Figure 
6 ( 9 ) . Elec t r ic r e s i s t ance heating was or i ginally ins t al l ed to heat the 
air s upplied to the tunnels . 
p rov ide a 40• F t emperature . 
An 1 8 - s t ep, 500-KW coi l was ut ilized to 
It  was  est imated that  the co i l  wou ld run 
180 days p e r  year (4 hours per day ) . After  ca l culat ing the demand motor 
e f f icienc i e s , c ap i t al cos t s  and maintenance cos t s , i t  was det erm ined 
that a net annual s av ings of almos t $ 1 9 , 00 0  pe r year wou l d  be r ealized . 
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METH O D S  A N D  MA TE R I AL S  
Motor Meas urements 
The ini t i a l  s tep in the energy audit at the B rookings Was tewat er 
Treatment F ac i l ity , was to col l ect motor dat a. Dur ing 1 983 , personne l 
from the Ut i l it ies  Department , C ity o f  B rookings s pent about two weeks 
co l l ect ing s uch dat a . 
inc luded : 
The paramet ers that were t es t ed and re corded 
1 )  Namep l at e  Vo l t age 
2 )  Nameplat e Amps 
3 )  Namep l at e  Hor s epower 
4) Vo l t age Running 
5) Amps Running 
6} P e ak Amps 
7) S ervi ce Factor 
8 )  S e rv i ce Factor Hp 
9 )  KW' s Running 
1 0 ) P e rc ent Loaded 
1 1 )  KVAR Running 
12 ) KVA Running 
1 3) Pow e r  F actor Running 
A tot a l  of 60 motors were t e s t ed . On ly motors w ith 3 or more 
horepower were inc luded in the t es t ing , except for a f ew w ith l e ss than 
3 hor s epower wh ich were inc luded becaus e tney were. cont inuous - ::-unning 
units . App endix A l is t s  the motor dat a obtained and us ed dur ing this  
s tudy . 
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Misc e l l a neous E ner g y  Meas ureme nts 
In add i t ion to the ext ens ive motor measu rement s , var ious other 
energy consumer s  were aud i t ed and the resu l t s  t abu l at ed . 
the s e  areas  were : 
1 )  Light ing ; 
2 )  Heat ing , Vent i l at ion and Air  Condit ion ing ( HVAC) 
of  bu i ld ings ; and 
3 )  D iges t e r  Heat ing . 
Inc luded in 
Light ing p roved to be the p r inc ipa l  consumer o f  the th ree . The 
l ight ing tota l was der ived by surveying the ent i r e  p l ant and count ing 
the l ight s which were on . This was then t abu l at ed in Append ix B .  
Fie l d  Tra nsfer Test a n d  Aeration Efficie nc y  
The aerat ion equipment in was t ewat e r  t re atment p l ants  was t e s t ed 
by measur ing the oxygen trans fer capacity o f  the uni t s . This was done 
to eva luate the cap acity and the e f ficiency of the this equipment. 
The method norma l ly us ed doe s cont a in inaccurac i e s , however a f ew 
cont ro l l ed tes ts  of  aerat ion equipment were conduct ed b ecaus e the test  
is r ather ' quick and easy ' . 
The B rookings Was tewater P l ant incorporat es  the p l ug f low s y s t em 
in the aerat ion bas ins . This resu lts in a rather high oxygen uptake 
rate in the f ir s t  bas in fo l lowed by a rap id drop in sub s equent bas ins 
that l eve l s  out to a rather cons t ant decreas e .  Tab l e s  C 2  to C5 in 
Appendix C inc l ude the res u l t s  obtained at the B rook ings p l ant on the 
four aerat ion b as ins in us e at the t ime of the inv e s t igat ions . 
B rook ings emp loys jet ae rat ion (injecto r s )  as the means for 
supp lying oxygen into the aerat ion bas ins . Jet aerators prov ide oxygen 
2 8  
t r ans fer by m ix ing t h e  a i r  and wat er. w ith in a nozz l e . This sys tem 
requ ires  a r e c i r cu l at ion motor in addit ion to the b lower . The 
r e c i r cu l at ion motor pul l s  was tewat e r  into a header ·where the air  
d i s t r ibut ion header  prov ides the  oxygen . Thi s  m ixture i s  then exp e l led 
through a nozz l e  wh i ch forms a f ine bubb l e  a i r  p lume . Thi s  p lume is 
whe r e  the bas in m ix ing and oxygen t r ans f e r  occurs ( 2 , 8 ) . Jet aerat ion 
s ys t ems h ave typ ic a l  t rans f e r  e f f i c ienc ies  of around 2. 75 lb 02 / hp -hr 
(2, 8 ) . 
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R E S U LTS A N D  D I SC U S S I ON 
Tab l e  8 is the breakdown o f  ene rgy consumpt ion in 1 9 8 3 . Tab l e  C1 
in Appendix C l ists the month-by -month diges t e r  fue l us age ( both #2 fue l 
o i l  and the digest e r  gas ) for 1 9 8 3. A l s o  s t at ed ear l i er , ext ens ive motor 
data w e r e  co l l ected for . the energy us age s tudy . As ment ioned ear l ier, 
Appendix A is the comp i l at ion of the dat a co l l ected at the B rook ings 
Was t ewat e r  T r e atment Fac i l ity . App end ix A w i l l  be ana lyzed dur ing the 
fo l low ing d i s cu s s ion . 
Mot o r s  L 1 , 12 , L3 and 14 were not runn ing at the t ime o f  t e s t ing, 
the r e fo r e  e ach moto r  was as sumed to be equ a l  to the co r r es pond ing r ight 
s ide moto r s  ( R 1 , R2 , R3 and R4 repect ive ly ) . 
App endix B con-ca ins the comp l et e  l is t ing o f  the Kl�H c a l cu l at ions 
for the B rookings p l ant . A l s o  inc luded in the c a l cu l at i ons are the 
runn ing t imes for e ach mot or . 
E l ectr ica l 
Be f o r e  the KWH's for 1 9 8 3  were ana lyzed , the KW demand was 
s tud ied . S ince the KW demand charge res u l t s  in a f a i r ly s ign i f icant 
port ion o f  the tot a l  b i l l  e ach month , the da i ly p e ak and l ow were 
needed . S ioux Va l l ey Emp ire E l ect r ic As s o c iat ion; Inc . was cont acted 
and the K\� demand at every 3 0 -minut e  int e rv a l  in 1 9 8 3  was obt a ined . 
F igure 7 demonstrat es a norma l KW var iat ion for  one mon·th in 1 9 8 3 . 
I t  is s h own in F igure 7 that the daily KW p e ak r em a ins f a i r ly 
cons t ant throu ghout the month , gene r a l ly w ithin a 6 0 - KW  band . The da i ly 
l ow is a l s o  gene r a l ly s-cab l e  with two excep t i ons , on -che 20th and the 
25th days . The lows on the s e  -cwo days are 25 KW and 5 0  K\v respectively . 
Tab l e  8. B reakdown o f  Energy Consumption in 1 9 8 3  
Location-Us e 
E LE C T R I CA L  
Aeration 
Lighting 
S ewage Pump 
HVAC 
P ret r e atment 
N O . 2 
· Computer 
M i s ce l l aneous 
Unaccount ed 
Tot a l  
F U E L  O I L  
D iges t e r  Heat ing 
Tot a l  
D I G E S T E R  G A S  
D iges t er Heat ing 
Fl ared gas 
Tot a l  





9 2 2 , 725  KWH 
4 0 6 , 143 KWH 
2 84 , 5 24 KWH 
2 6 3 , 7 64 KWH 
245 , 2 80  KWH 
43 , 8 0 0  KWH 
1 3 7 , 9 44 KWH 
3 1 1 , 4 1 0  KWH 
2 , 65 0 , 620  KWH 
2 , 8 1 3 . 4  g a l  
2 , 8 1 3 . 4  g a l  
3 , 6 1 2 . 3 8 0  MCF�'• 
2 , 2 3 7 . 25 0  HCF 
5 , 849 . 6 3 0  HCF 
Percent 
34 . 8  
1 5 . 3  
1 0 . 7  
9 . 9  
9 . 3 
1 . 7  
5 . 2  
1 1 . 7  
1 0 0 . 0  
1 0 0 . 0  
1 0 0 . 0  
6 1 . 8  
3 8 . 2  
1 0 0 . 0  
3 0  
400 
� 
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The s e  two d ip s  are  due t o  the month ly checks o f  the s t andby generators.  
The main power sw i t ch is thrown to the ' OFF ' pos i t ion res u l t ing in a 
s imu l ated power out age . The generators then t ake over and run the 
p l ant . The r e a s on the p e aks do not re ach zero k i l owat t s  is  becaus e the 
s imu l at i on is not a l l owed to  l as t  more than 15 m inut es.  I f  a 15 -minut e 
out age wou ld be p r act iced , a theo ret ical low o f  zero k i l owatts s hould be 
obs erved . 
AERATION : 
In t e rm s  o f  e l e c t r ical ene rgy , the larges t  us e r  was aerat ion . 
Th i s  was not a surp r i s e  as aerat ion is h i s t o r ic al l y  the l eading energy 
us e r  in act ivated s ludge p l ants ( 1 , 2 , 8 , 1 0 ) . 
The maj or aerat ion ene rgy consumers included the Roots and Ho ffman 
b l owers ( thes e two names refer to the compani e s  that suppl ied the 
b l owers ) ,  and the r ight and le ft s ide r e c i r culat ion motor s  ( 1 1 - 14 & 
R 1 - R4 ) . The two Roots  blowers each r an for approx imat e ly 2 3 7  days in 
1 9 8 3 , wh i l e  the Ho f fman blowers ( four b l owe rs with a maximum of one 
running at a t ime ) r an 10 days . The r ight s ide r e c i r cu l at ion motors ran 
the ent i r e  year ( 3 65 days , 24 hours p e r  day ) , wh i l e  the l e ft - s ide 
r e c i r cu l at ion moto r s  r an only when the ent i r e  p l ant was in oper at ion 
( Ap r i l  5 t o  June 3 ) . The aert ion bas ins are d i rect ly respons ible for 
3 4 . 8% o f  the t ot a l  e l ec t r i c a l  bi l l .  
The f i eld t r ans fer t e s t s  conducted on ae r at ion bas ins R l  to R4 
( data l ocated in Appendix C )  resu l t ed tn the det e rm inat ion of each 
bas ins O . U . R .  B as in R 1  had an O . U . R .  o f  3 1 . 8  mg/ 1 / hr wh ich is  f a i r ly 
h igh . Th i s  h igh r at e  is common whe re the was t ewat e r  ent ers the ae rat ion 
s y s t em in p lug- f l ow sys t ems ( s uch as the B rook ings plant ) .  The O . U . R. 
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in b as ins R l  through R4 res u l t ed in the fol l ow ing f igur e s : 
R l  R2 R3 R4 
3 1 . 8  mg/ 1 / hr 9 mg/ 1 /hr 8 . 5 mg/ 1 / h r  9 . 6 mg/ 1 / h r  
I t  i s  ev ident that t h e  O . U . R. i n  the three s u c c e e d ing bas ins decreas ed 
to a f a i rly cons t ant rat e ,  again the cons equence o f  a plug- f l ow sys t em . 
A ft e r  det e rm in ing the O. U . R. o f  e ach bas in , the r e l at ive e f f iciency o f  
t h e  aerat ion equ ipment was det e rm ined . Re fe r r ing t o  F igur e  4 ,  and 
inco rporat ing met er D . O .  read ings in bas in R l  that a r e  no rma l ly obs erved 
( 3. 0  t o  4 . 5  mg/ 1 ) , it is obv ious that a sub s t ant i al s av ings pot ent i a l  is 
avai l ab l e. The s av ings could be rea l ized by decreas ing the D . O .  to 1 . 0 
t o  2 . 0  mg/ 1 .  
When both Roo t s  b l owers were runn ing a t o � a l o f  8 0  hp was 
requ i r ed. The s um o f  the oxygen requ i r ement s for  a ll o f  the bas ins 
( App end ix B )  was 6 9 . 5  pounds of oxygen per  hour . Thi s  requ ires  an 
oxygen t r an s f e r  e f f ic iency o f  0 . 86 9  lb 02 / hp -hr . C omp a r ing t� i s  to the 
typ i ca l  t r ans f e r  r at e s  o f  2 . 5  - 3. 5 02 / hp -hr as  l i s t ed in the \�PCF 
H anua l o f  Pract ice No . 8 (Was t ewat er Tr eatment P l ant D e s ign )  ( 3 ) , a 
dras t ic d i f ference in typ ical and actua l va lues is obs e rved. I f  on ly 
one Root s  B lower cou l d  mainta in the requ i r ed 0 .  U .  R .  , the e f f ic iency 
would b e  1 . 7 3 8  l b  02 / hp - hr and res u l t  in an e l ect r ic a l s av ings o f  � 3 2 . 40 
per day wou ld r �s u l t . 
To imp rove operat ion and reduce cos t s  o f  a e r a� ion , more prec i s e  
d i s s o l ved oxygen p robes should be ins t a l l ed in b as ins 2 and 3 .  A l so , 
warme r  a i r  s hou l d  be us ed for ae rat ion . The int ake s t ructure for �he 
Roots b lowers  was moved ins ide at the t ime of t h i s  aud it . However , the 
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int ake s t ructures for the Ho f fman b lowers are s t i l l  l ocat ed out s ide . An 
examp l e  o f  the d i f ference o f  warme r a i r  as comp a r e d  to co lder a i r  i s  
g iven o n  page 4 0  o f  t h i s  pap e r . 
L I GHTI NG : 
Light ing account ed for over 15  percent o f  the t o t a l  e l ect r i c a l  
us age i n  1 9 8 3 . Thi s  tot a l  did come as a s u rp r i s e  s ince i n  the maj o r ity 
o f  p l ant s us ed as r e ferences , l ight ing accounted for 1 - 4% o f  the t o t a l  
( 1 - 3 , 1 0 ) . A ft e r  a r ev i ew ,  the d i f f e rence in p e r c entages s e emed 
p l aus ib l e  b e c aus e mos t  o f  the r e f e r ence p1 ant s  w e r e  in the 1 0 0 - MGD 
cap ac ity r ange . A 1 MGD and a 1 0  MGD p l ant were l is t ed in Re ference ( 1 )  
as h av ing l ight ing percentages of 2 p e rcent and 4 .  5 percent 
res pect ive l y . Th i s  area i s  an exce l l ent p l ac e  t o  ini t i at e  an energy 
cons e rvat ion p rogram at the B rookings p l ant . A s ummary o f  the l ight ­
bu l b  inventory in the p l ant i s  pres ent ed in Tab l e 9 .  As s hown in Tab l e  
9 ,  there a r e  about 2 8 0  40 -watt f luores cent tub e s  o n  cont inuous l y  at the 
t re atment p l ant . I t  i s  es t imat ed that 8 0  tub e s  do not need to b e  in 
ope r at ion at any g iven t ime . I f  a net tot a l  o f  8 0  t ubes were not 
ope r at e d , t h i s  wou l d  resu l t  in over $ 1 2 0 0  in s av ings per  year . This  is 
b e l i eved to be a ve ry con s ervat ive e s t im at e . A l so , o f  the 1 8 0  
incande s cent , 1 5 0 -wat t bu lb s , pe rhaps 9 0  cou l d  b e  rep l aced b y  2 2 -watt 
f luores cent ene rgy e f f i c i ent tubes that are ava i l ab l e in a l l hardware 
s to res for l e s s  than $ 1 0  per  unit ( each unit i s  equiva l ent in l ight 
p roduced to one 7 5 -watt incandes cent bulb ) . The tot a l  s av ings per year 
from this change wou l d  b e  more than $ 45 0 0 . I f  the t ubes are as s umed to 
cos t $ 1 0 each , w ith ne g l igab l e ins t a l l at ion cos t s , the p ayback per iod 
wou l d  be about 2 . 5 months . 
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SE\vAGE PUHP ING : 
S ewage pump ing account ed for 1 0 . 7  percent o f  the e l ec t r ic a l  us age . 
Th is category inc luded the s ludge pumps , inf luent s cr ew pumps and the 
int ermed i at e  s c r ew pump s . Appendix B l is t s  the pump {ng s chedu l e  o f  each 
s ludge pump . The inf luent and the int e rmediate s cr ew pumps each ran for 
2 9 2 0 hours  ( 1 2 1  days ) dur ing 1 9 8 3 . E ach pump is a c ons t ant s peed pump 
p roduc ing a s t eady demand . 
I t  i s  d i f f i cu l t  t o  atta in s igni f i cant s av ings in t h i s  ene rgy - us e 
catego ry . Thi s  i s  p r imar i ly due to the fact that t he s cr ew pumps at the 
· B rook ings p l ant mus t  ope r at e  on a cont inuous bas i s  and the s ludge pumps 
at t ne fac i l ity oper at e  on a pump ing s chedu l e  w ith a very l ow �v demand . 
I f  the s l udge pumps were o f  h igher demand and ope ra t e.d for l onger 
p e r i ods each hour � it is po s s ib l e that a s av ings p r ogram cou l d  be 
e s t ab l i s hed by e ither l o ad shedd ing o r  rearrang ing the pump s chedu l e . 
HEAT I NG AND VENT I LAT ING : 
The heat ing and vent i l at ion s egment p roduced 9 .  9 p e r cent o f  the 
us age in 1 9 8 3 . Thi s  inc luded the cont ro l - room bo i l er , the pretrea�ment 
room bo i l e r  and the vent i l at ion motors us ed in conj unc t i on w ith the 
heat ing co i l . 
The cont ro l - room bo i l er was det erm ined to h ave u s e d  about 1 0 3 , 0 0 0  
KWH ' s in 1 9 8 3 . Th i s  was ca lcu l ated by p l acing a �{H met e r  on the bo i l er 
over a 1 3  day p e r iod . The �vH us age was then read and the ' degree days ' 
ove r  that per iod was det erm ined f rom Northwes t e rn Pub l i c S e rv i ces ' 
records ove r  the s ame 1 3 - day p e r iod . The K\{H us age for  January , 1 9 8 3 
was then c a l cu l at ed by p ro - r at ing the 1 3 -day us age to the ent ire month . 
I t  was det erm in ed that January ac count s for 21 p e r ::::ent o f  the heat ing 
36 
degree days per year (by s tudying Tab l e  1 0  and by consult at ion w ith 
Northwes t e rn Pub l ic S e rvice Company located in B rookings , SD ) . The 
January KWH tot a l  was then multip l ied by 5 and the 1 0 3 , 0 0{) KWH ' s was the 
product . Tab le 10 l is t s  t-he monthly degree days in each month for the 
previous 3 -year p e r iod . 
Tab l e  9 .  S avings due to light ing changes at 
the B rookings Was tewate r  P l ant 
F luo res cent Cos t per Year S avings / Year 
280  40 -watt bulbs $ 5 , 9 9 5  
2 0 0  40 -watt bulbs 3 '  15 3 $ 2 , 842 
140 40 -wat t bu lbs 2 , 28 0  3 , 7 8 7 
1 0 0  40 -wat t bu lbs 1 , 5 7 7  4 , 4 1 8  
Incandes c ent 
1 8 0  1 5 0 -watt bulbs $ 1 0 , 64 3  
135  15 0 -watt bulbs 7 , 9 8 2  
-p lus - + 
45 2 2 -watt r ings 3 9 0  
total  = 8 , 3 7 2  $ 2 , 2 7 0  
9 0  1 5 0 -watt bulbs 5 , 3 2 2  
- p lus - + 
9 0  2 2 -watt r ings 7 8 0  
total = 6 , 1 0 2  $ 4 , 5 40 
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Tab l e  1 0 . Heat ing Degree D ays;': 
Honth .ill.l 1 9 8 2  1 9 8 3  
January 1 , 3 7 0  1 , 846  1 , 1 6 7  
Feb ruary 1 , 404 1 , 7 8 0  1 , 2 8 8  
Harch 8 05 9 2 1  7 6 7  
Apr i l  6 34 8 3 0  9 1 2 
May 2 9 8  3 6 5  46 1 
June 85  1 8 0  1 7 2  
Jul y  4 2 3  0 
Augus t 5 1 2  3 
S ep t ember 30  47  154  
October 2 5 2  3 24 3 3 8  
November 6 9 0  7 6 0  6 2 3  
D e c embe r  1 , 0 5 9  1 , 0 85 1 , 3 7 3  
� Data f rom No rthwes tern Pub l ic S e rv i c e , B rook ings , SD 
The p ret r e at ment room bo i l e r  was met e r ed t he s ame way as the 
cont ro l bu i ld ing bo i l e r . It was c a l cu l at ed that the bo i l er us ed 9 5 , 80 0  
K�H i n  1 9 83.  Aga in , t h e  pro - rat ing s ys t em w a s  t h e  s ame as  was us ed on 
the cont ro l room bo i l er . 
Heat ing at the B rookings p l ant i s  one a r e a  where s ubs t ant i a l  
s av ings cou ld be rea l ized . The cont ro l - room boi l er i s  cur rent ly be ing 
s tudied fo r pot ent i a l  r ep l acement by a heat ing co i l  s im i l ar in des ign to 
the co i l  current l y  be ing us ed to heat the tunne l sys t em . The 1 0 3 , 000  
KWH ' s p e r  year the bo i l er is  current ly consum ing t rans l at es to an annua l 
cost  o f  $ 4 6 3 5  ( th i s  i s  at a 4 . 5 C per  KWH r at e  w ith no demand charge ) .  
PRETREATt-1ENT : 
P r e t r e atment inc luded such uni t s  a s  ae r a t ed grit  remova l ,  
comm inut o r s , p r imary c l ar i f iers and rotat ing b io l o g i c a l cont actors 
( RBC ' s ) . A tot a l  of 9. 3 percent o f  the e l ect r ic a l us age for 1983 was 
cons umed by thes e un its . 
The r e  were a tot a l  o f  two aerated gr it un i t s , two comminutors , two 
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p r imary c l a r i f icat ion un its and e ight RBC ' s  us ed in 1 9 8 3  ( a l l were used 
cont inuous l y ) . 
I t  i s  very d i f f icu l t  to predict any pot ent i a l  ene rgy s av ing 
measures . A f a i r ly s ign i f icant port ion o f  the  ene r gy b i l l  does 
o r iginat e f rom the un i t s  inc l uded , yet the uni t s  a l l  r an cont inuous ly in 
1 9 8 3 . The fact that a l l units  in the p r e t r e atment s ec t i on r an year ­
round means unit ana lys i s  wou ld b e  r equi red t o  det e rm ine whether each 
ind iv i dua l uni t  is nec e s s ary at a l l  t imes . 
S LUDGE COND I T I ONING : 
S ludge condit ioning account ed for s l ight ly mo r e  than 1 pe rcent o f  
t h e  e l e ct r i c a l  us age t o t a l  i n  1 9 83 . Th is  inc luded uni t s  s uch as : 
� )  the gas m ixe r , us ed in mixing the cont ents o f  the 
d iges t e r s . Th is unit ran 6 hours  p e r day in 1 9 8 3 ; 
2 )  two g r i t  pumps whi �h r an four hours p e r  d ay in 
1 9 8 3 ; 
3 )  two s cum bus t ers wh ich r an for ari ins ign i f i c ant 
1 3  hour s  in 1 9 8 3 ; and 
4 )  the s ludge thickene r ,  which is s imi l ar in des i gn 
t o  the p r imary c l ar i f iers . Thi s  uni t  r an 
c ont inuous ly in 1 9 8 3 . 
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C0�1PUTER : 
The comput e r  us ed at the was t ewat e r  p l ant to  cont ro l p l ant 
ope r at ions , consumes l e s s  than 5 KW of pow e r  d em and . This t rans l at ed. to 
43 , 8 0 0  �vH ' s  or 1 . 7  p e rcent of the e l e c t r i c a l us age in 1 9 8 3 . 
HI SCELLANEOUS : 
M i s ce l l aneous e l ect r ical  units  were r e sp ons ib l e  for  near ly 1 3 8 , 0 0 0  
KWH ' s o f  power i n  1 9 8 3 . The un its inc l uded a r e : 
1 )  non - pot ab l e  wat e r  pumps ; 
2 )  ch l o r ine pumps ; 
3 )  a i r  compre s s or s ; and 
4 )  r ap id s and f i l t e r s . 
The nonpot ab l e  pumps were oper at ed cont inuous l y , the ch l o r ine pump 
ope r at ed fu l l  t ime from Apr i l  to Octob e r  ( 2 14 days ) ,  the a i r  compres s ors 
were as s umed to  run 2 0  minutes per hour and the two f i l t e rs ran 10 
m inut es per hour . E ach unit wou l d  have t o  b e  ana lyzed to det ermine 
whether ope r at ion is neces s ary at a l l t imes . 
Th e a i r  comp res s o rs cou l d  b e  checked indiv idua l ly for a i r  l e aks . 
I t  was obs e rved in at l eas t one c a s e  dur ing the cour s e o f  this  s tudy 
that a s igni f i c ant a i r  l e ak was c aus ing exces s ive ope r at ion . This un it 
was a 7 . 5 - Hp comp r e s s o r  w ith a demand of 5 . 3  KW .  I f  the run t ime for 
this unit was r educ ed from 2 0  minutes per hour to 10 minut es per hour , a 
s av ings o f  $ 35 0  p e r  ye ar wou l d  r e s u l t . I t  s hou l d  a l s o  b e  not ed that 
this  r ep a i r  wou ld p robab ly t ake l e s s  than one hour to  comp l et e . 
UNACCOUNTED - FOR ENERGY : 
Th e unaccounted cat ego ry was 1 1 . 7 per cen� o f  the t ot a l  e l ectr i cal  
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us age . A lthough this  s eems t o  be a rather s izeab l e  amount , most o f  the 
3 1 1 , 0 0 0  KWH ' s c an be ver i f i ed by var ious means . 
For  examp l e , a i r  t empe r ature . has a maj o r  imp act on energy 
consumpt ion in cent r i fuga l b l owers . The dens ity o f  a i r  is great ly 
great ly in f lu enced by a change in a i r  t emperatu r e . As the a ir 
t emp e r ature decreas es , the dens ity o f  the air inc re a s e s  thus increas ing 
the mas s o f  a i r  b e ing pumped by the b lowe r s  ( 2 ) . The b lowers , in 
respons e to the heavier a i r , requ i r e  more hors epowe r  t o  pump a g iven 
amount o f  a i r . As dis cu s s ed ear l ie r , the hor s epowe r and ene rgy us ed are 
d i r ect ly proport iona l .  The fo l low ing examp l e  is pres ent ed to  . i l lust rate 
this p r inc ip l e . 
G i ve n : 
Sta n d a rd C o n d i t i o n s :  
B aromet e r : 14. 7 ps ia 
I n l et Temp : s o · r ( l O . C )  
Vo lume ( SCFM ) : 1 0 0 0  cub ic feet / m in 
D ens ity : 0 . 0 7 7 86 1bs / ft3  
Hors epow e r : 48  
Te st C o n d i t i o n s :  
I n l et Temp : 14. F ( - 1 o · c) 
D ens ity : 0 . 0 8 3 7 8  1bs / ft 3  
As s um ing the b lowe r - ene rgy measurements were t ak en a t  s t andard 
cond it ions , t he res u l t ing vo lume of air the b lowe rs wou l d  b e  moving 
wou ld be 1 1 0 0  cub ic feet / m in . At this  rat e � 5 1  Hp wou ld be r equired to 
move t h i s  vo lume . (NOTE : The preceed ing ex amp 1 e us ed pump curves as 
l is t ed in in r e f e r ence #2 ) .  Thi s  examp l e  adequat e ly demons t r ates the 
s ign i f i c ant impact a i r  t empe rature has upon the b lower energy 
requ i r ement s . I f  this  examp le  were app l ied to the B rook ings p l ant , the 
in l et ho rs epow e r  wou ld be near 80  Hp . I f  a 1 in e a r  increas e can be 
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as s umed , the r es u l t ing t e s t  condit ion hors epow e r  �au l d  b e  c l os e to 85 
Hp . When this uni t  is running year - round , the energy b i l l  wi l l  
de f inate ly inc r e as e  dur ing the the co l de r  months . 
A l s o  inc luded in the unaccount ed - fo r  p e r c ent age a r e  the units t hat 
were not inc l uded in the aud it . Thes e  uni t s  inc l ude : 
1 )  a i r  condit ion ing ; 
2 )  ind ividu a l res i s t ance heat er s  l o cat ed in var ious 
bui l d ings ; 
3 ) f in a l  c la r i f ier br idge and ac company ing motors ; 
4 )  var ious vent i l at ion f ans ; and the 
5 )  mechanic a l  bar s creen . 
The s e un i t s  were exc luded for a var iety o f  r e as ons . F ir s t , as in the 
cas e of the a i r  condit ion ing unit , the energy audi t  was conduct ed in the 
w int e r  when ene rgy measurement proved impos s ib l e . S e c ond ly , this ene rgy 
us age was be l ieved to be rather sma l l  in comp ar is on to the tot a l  b i l l . 
The f ina l c l ar i f ie r , mechanica l bar s creen and the var ious vent i lat ion 
f ans were a l s o  inc luded under this item . F ina l ly ,  the d i f f icu lty 
invo lved in co l l ect ing the dat a needed to  obt a in accurate resu l t s  was 
be l i eved to outwe igh the bene f it s  gained . 
The percent age for unaccount ed - for ene r gy u s e  var i es f rom p l ant to 
p l ant , yet 1 1 . 7  percent at the B rook ings F ac i l it i e s  i s  ext reme ly high . 
Th i s  repr e s en t s  an en ergy cos t o f  $ 14 , 0 0 0  p e r  year . An ext ens ive audit 
is needed to  ident i fy t he us es that are current l y  unaccount ed - for . 
The KW met er s hou l d  a l s o  be t e s t ed to  check that the meter is not 
running too fas t ( charging for too much KWH us age ) or runn ing too s low 
( charging for t oo l i tt l e  �vH us age ) . The met e r  at t he B rook ings p l ant 
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was t e s ted by S ioux Va l l ey E le ct r i c  on March 14 , 1 9 8 4 . I t  was con f i rmed 
that the p l ant meter was not the s ource of any error . 
USE OF FUEL O I L :  
D iges t e r  heat ing in 1 9 8 3  res u l t ed in the us e o f  2 8 1 3 . 4  ga l lons o f  
No . 2 fue l o i l . The d ige s t e r  boi l e r  cou l d  burn e ither fue l o i l  or 
diges t e r  gas . By des ign , the bo i l e r  burns fue l o i l  when the s econdary 
dige s t e r  roo f l eve l drops to  1 to  1.  5 feet above the sur face . On 
occas ions , the bo i l e r  wou l d · not f i re on d i ges t e r  gas . This wou ld 
neces s it at e  the us e of fue l o i l  unt i l  the prob l em is correct ed . This 
resu l t s  in non - d e s ign burning o f  #2 fue l o i l . 
Pas t r e cords were inspect ed , and month ly t o ta l s  were  s ummed . S e e  
Tab l e  C 1  for t h e  mont h ly tot a l s  o f  fue l o i l  and g a s  us e d . 
USE OF D I GE STER GAS : 
The dige s t e r  bo i l e r  us ed 6 1. 8 percent o f  the  t o t a l  methane gas 
produced in the s econdary diges t e r . Thi s  amount ed to 3 ,  6 1 2 , 3 8 0  cub ic 
feet of gas in 1 9 8 3 . Th is was measured by a mete r  locat ed on the 
s ervi c e  l ine t o  the b o i l er . Tab l e  C 1  t abu lates the mont h l y  us ages . 
The B rookings p l ant ut i l izes a w as t e  gas burne r . When the 
s econdary d iges t er s ' roo f l eve l r is es to  3 . 5  to 4 feet  above the l iquid 
l eve l and the boi l er is not us ing the d iges t er gas s t o r ed under the 
roo f . the was t e  gas is  burned ( f l ar ed ) . 
The BTU equiva l ence o f  the No . 2 fue l was 3 8 8 , 0 0 0 , 0 0 0  BTD ' s in 
1 9 8 3 . Th is repres ent s 6 4 7 , 0 0 0  cub i c  feet o f  d i ges t e r  gas . As was s hown 
in Tab l e 8 ,  a tot a l  o f  2 , 2 3 7 , 0 0 0  cubi c  feet w as f l ar ed in 1 9 8 3 . W ith 
the fue l o i l  cos �  of about S l . l O per gal l on ,  rought ly $ 3 0 0 0  per year was 
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spent on fue l o i l  for d iges t e r  heat ing a l one . 
Us ing ext ens ive graphs and data from Owens ( 4 ) , it was de termined 
that it was econom i c a l ly unfeas ib l e  to bui l d  and ope r a t e · a  gas c l eaning 
and s torage sys t em for the was t e  gas p roduced at the B rook ings p l ant . 
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CON C L U S I ON S  A N D  R E COMME N DA T I ON S  
An energy s av ings pot ent i a l  at the B rookings Was t ewat e r  Treatment 
F ac i l i ty doe s  exi s t .  I mmediate s av ings potent i a l s  are p r e s ent in the 
l ight ing , heat ing and aerat ion s ub - systems . The s av ings ava i l ab l e  in 
areas s uch a s  s ewage pump ing , pretreatment , s ludge condit ioning , . the 
computer and the mis ce l l aneous areas proved to be  inadequat e for 
immediate s av ings at this t ime . Pe rhaps in the futu r e  t hes e areas w i l l  
p rove t o  have s av ing pot ent ia l s . 
The una ccount ed - fo r  s ect ion p roved to  b e  an a r e a  whe r e  a l arge 
s av ings is des i r e ab l e  ( $ 14 , 0 0 0  per year ) yet the methodo l ogy invo lved 
for obt a ining the s av ings was beyond the s cope of t h i s  s tudy . 
The us e o f  fue l  o i l  and d iges t e r  gas for  the d iges t er heat ing is 
curr ent ly at the mos t  e f f ic ient s t age . Thi s  c an b e  s ubs t ant iated from 
the s tudy done in the preceeding pages . 
After  ana lyz ing the resu lts  obt a ined f rom the energy audit 
conducted at the B rookings p l ant , s eve r a l  r ecommendat ions c an be made 
concerning act ions that w i l l  pot ent i a l ly produce ener gy s av ings : 
1 )  The r ep l ac ement o f  the 1 5 0 -watt incandes c ent bu lbs 
( u s ed ext ens ive ly at the p l ant ) w ith 2 2 -watt energy 
e f f i c i ent f luores cent r ings . A pot ent i a l  s av ings 
of $ 9 . 0 0 0  per year is  pos s ib l e  if a l l  180 b u l b s  were 
r ep l aced . A p ayback per iod o f  2 . 4  months o f  the 
ini t i a l  inves tment wou ld b e  at t a ined . 
2 )  The r ep a i r  o f  l e ak ing a i r  l ines lead ing f rom t he a i r  
comp r es s o r s  to the va lves . 
3 )  Convers ion o f  the cont ro l bu i ld ing heat ing s ys t em 
from the current bo i l er to  heat ing co i l  s ys t em . 
4 )  Rep l acement o f  the pretr eatment bui ld ing bo i l er with 
a heat ing c oi l  sys t em . ( S ee Recommenda� ions for  
Future Study s ec t i on . ) 
5 )  Regu la r  m aint enance upon the d i s s o lved oxygen probes 
in bas ins R l , R4 , 11 and 14 . 
6 )  I ns t a l l at ion o f  d i s s o lved oxygen probes in aerat ion 
bas ins R2, R3 , 12 and 13 . 
7 )  C ons t ruct ion o f  ins ide air  intakes for  us e by the 
Ho f fman b lowers when the s e  units are eventua l ly 
incorporat ed int o us e . 
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R ECOMME N DA T I O N S  F O R F U T U R E  S T U D Y  
S evera l  pot ent i a l  energy s tudies r emain t o  b e  conduct ed a t  the 
B rookings Was tewate r  Treatment P l ant . S evera l o f  the s e  pos s ib l e  s tudi es 
are out l ined b e l ow .  
1 )  Ana lys is o f  the RBC ' s  for det e rminat ion o f  pos s ib l e  
shutdown o f  units  for  energy s av ings . Todd 
Conn e l ly is curr ent l y  conduct ing a s tudy ent it l ed :  
' Eva luat ion o f  the Per fo rmance o f  the RBC ' s  at the 
B rookings Was t ewat e r  Treatment F ac i l i ty ' . 
Perh aps this  s tudy when coup l ed with  the f indings 
th i s  s tudy may r e s u l t  in energy reduct ions in the 
RBC ope r at ion at the B rookings p l ant . 
2 )  Ana lys is o f  the aerat ion bas ins for determ inat ion o f  
pos s ib l e s hutdown o f  un its for energy s avings . 
A s tudy is current ly be ing conduct ed by Kenneth 
S che f f l er ent i t l ed :  ' Eva luat ion . o f  the P e r formance 
of the Act ivat ed S ludge Sys t em at the B r ookings 
Was t ewat e r  Treatment F ac i l ity ' . Again , when 
comb ined with the f indings of this s t udy , p e rh ap s  a 
reduct ion in ene rgy us e w i l l  occur . 
3 )  A s tudy on the pretreatment bu i ld ing b o i l e r  for 
convers ion t o  a heat ing co i l  sys t em . 
4) A s tudy s hou ld be  conduct ed on the feas ib i l ity 
o f  s w i t ch ing to l and d is pos a l  d ir e ct l y  f rom the 
RBC ' s .  The un its  fo l low ing the RBC ' s account 
for more than 45 percent of the tota l e l ect r ic a l  
b i l l . 
5 )  I nves t igat i ons s hou ld be conduct ed upon the 
feas ib i l ity of us ing the warmed air located in 
the e f f luent p ipe l ine for aerat ion bas in us e .  
6 )  A feas ib i l ity s tudy s hou ld b e  conduct ed on 
convert ing the Root s b l owers from manu a l  cont ro l 
to  computer cont ro l .  
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A P P E N D I X A 
MOTO R D A TA 
B rookings Wast ewat e r  Tre atment P lant 
. VOLTAGE AMP S  KW KVAR KVA 
illill. RUN RUN ...B!lli. ..illlli... ..llilli.. .2L J!p_ 
L 1RC-;': 2 7 7  25 . 6  14 . 2  1 5 . 5  2 1 . 0  6 7 . 5  2 0  
L2RC-;': 2 7 7  25 . 9  14 . 2  1 6 . 1  2 1 . 4  6 5 . 8  2 0  
13RC-;': 2 7 7  25 . 1  14 . 5  1 5 . 2  2 1 . 1  6 9 . 0  2 0  
L4RC";': 2 7 7  25 . 1  1 3 . 8  2 1 . 1  2 0 . 8  6 6 . 7  2 0  
R 1RC 2 7 7  25 . 6  14 . 2  1 5 . 5  2 1 . 1  6 7 . 5  2 0  
R2RC 2 7 7  2 5 . 9  14 . 2  1 6 . 1  2 1 . 4  6 5 . 8  2 0  
R3RC 2 7 7  25 . 1  14 . 5  1 5 . 2  2 1 . 1  6 9 . 0  2 0  
R4RC 2 7 7  2 5 . 1  1 3 . 8  2 1 . 1  2 0 . 8  6 6 . 7  2 0  
RBCRl 2 7 7  5 . 4 1 . 8  4 . 2  4 . 6  3 9 . 6  5 
RBCR2 2 7 7  5 . 6  1 . 8  4 . 3  4 . 6  3 7 . 7  5 
RBCR3 2 7 7  5 . 6  1 . 9  4 . 3  4 . 6  42 . 9  5 
RBCR4 2 7 7  5 . 6  1 . 9  3 . 9  4 . 4  43 . 7  5 
RBCL l  2 7 7  5 . 8 2 . 3  4 . 3  4 . 9  44 . 4  5 
RBC L2 2 7 7  5 . 5 1 . 9  4 . 2  4 . 7 43 . 2  5 
RBCL3 2 7 7  5 . 3 1 . 9  3 . 9  4 . 4  49 . 5  5 
RBCL4 2 7 7  5 . 8 2 . 1 4 . 4  4 . 9  3 9 . 7  5 
ROOTS ! · 2 7 7  42 . 6  2 9 . 3  1 6 . 0  3 3 . 3  8 7 . 7  40 
ROOTS 2 2 7 7  43 . 5  3 2 . 6  1 6 . 9  3 6 . 8  8 8 . 8  40 
I NFSC l 2 7 7  28 . 7  2 0 . 9  1 0 . 2  2 2 . 5  8 9 . 5  3 0  
I NFSC2 2 7 7  2 0 . 0  1 3 . 5  8 . 1  1 5 . 4  84 . 6  3 0  
INFSC3  2 7 7  2 6 . 0  1 9 . 5  1 0 . 0  2 1 . 3  8 8 . 7  3 0  
INTSC l 2 7 7  1 7 . 8  1 2 . 6  7 . 9  14 . 9  84 . 8  3 0  
INTSC2 2 7 7  1 9 . 0  1 8 . 9  8 . 1  1 3 . 1  84 . 8  30  
INTSC3 2 7 7  2 6 . 0  1 9 . 5  1 0 . 0  2 1 . 3  8 8 . 7  30  
HOFF# I 2 7 7  1 1 1 . 7  8 2 . 6  42 . 4  9 2 . 9  8 8 . 8  ·125  
HOFF#2 2 7 7  9 1 . 7  8 3 . 5  40 . 5  7 7 . 0  8 5 . 0  125  
HOFF#3 2 7 7  1 0 7 . 4  7 8 . 2  4 1 . 9  8 8 . 4  8 8 . 1  125  
HOFF#4 2 7 7  1 1 1 . 6  6 5 . 8  45 . 2  9 4 . 4  8 7 . 9  125  
AERGT 1 2 7 7  8 . 4  5 . 2  5 . 0 7 .  1 7 1 . 5  7 . 5  
AERGT2 2 7 7  9 . 1  5 . 5 5 . 3 7 . 7  7 . 9  7 . 5  
SLPMP 1 2 7 7  5 . 9  1 . 5  4 . 5  4 . 8  3 3 . 2  5 
SLPMP2 2 7 7  6 . 5  1 . 7  5 . 2 5 . 4 3 3 . 8  5 
S LPMP3 2 7 7  5 . 6  2 . 3  4 . 5  4 . 5  3 1 . 4  5 
S LPHP4 2 7 7  5 . 4 1 . 6  4 . 5  4 . 5  2 1 . 5  5 
GTPMP 1 2 7 6  9 . 7  0 . 3  0 . 1  0 . 3  9 9 . 9  7 . 5  
GTP�1P2 2 7 5  8 . 7  5 . 9  4 . 1 7 . 1  8 1 . 7  7 . 5 
NONPT 1 2 7 7  5 . 9  3 . 2  3 . 7  5 . 0 6 5 . 0 3 
NONPT2 2 7 7  5 . 2 1 . 2  1 . 1 1 . 6  7 5 . 7  7 . 5  
FBKWH 1 2 7 7  4 . 8  0 . 8  1 . 1  1 . 4 5 6 . 7  3 
FBKWH2 2 7 5  5 . 5 2 . 9  3 . 4 4 . 5  65 . 2  3 
FB PMP 1 2 7 7  5 . 5 2 . 9  3 . 4 4 . 5  65 . 2 3 
FBPMP2 2 7 5  4 . 3  2 . 3  2 . 6  3 . 5 65 . 5  3 
CLPMP 2 7 7  6 . 4  4 . 6  2 . 7  5 . 3  8 6 . 3  7 . 5  
5 1 . 
GASCMP 2 7 7  1 6 . 5  9 . 7  1 0 . 1  1 4 . 0  6 9 . 4  15  
SCMBTR 2 7 7  2 7 . 0  15 . 9  1 5 . 5  2 1 . 1  7 1 . 4  20  
SCMBTR 2 7 7  2 0 . 3  1 1 . 4  1 2 . 4  1 6 . 8  6 7 . 2  20  
AIRCMP 2 75 5 . 4 3 . 3  3 . 0  4 . 5  7 3 . 2  5 
AIRCMP 2 7 5  5 . 8 3 . 4 3 . 3  4 . 7  7 2 . 7  5 
AIRCMP 2 7 7  8 . 8  5 . 3 4 . 8  7 . 2  7 4 . 6  7 . 5  
AIRCMP . 2 7 7  6 . 8  4 . 2  3 . 8  5 � 7  7 4 . 3  5 
AI RCMP 2 7 5  4 . 3  2 . 6  2 . 4  3 . 5 7 5 . 1  3 
A I RCMP 2 7 5  4 . 4  2 . 7  2 . 2  3 . 5 7 7 . 1  3 
THI CKR 2 7 7  0 . 5 0 . 3  0 . 6  8 6 . 8  1 . 5  
PRCLR 1 2 7 6  0 . 2  0 . 5  0 . 5 3 6 . 4  
PRCLR2 2 7 5  0 . 2 0 . 2  0 . 2  5 6 . 4  
COMNT 1 0 . 4 0 . 7  0 . 6  44 . 6  3 / 4  
COMNT2 0 . 4 0 . 7  0 . 6  44 . 4  3 / 4  
VNTPRE 0 . 7  0 . 8  1 . 0  6 9 . 2  1 . 0  
VNTSTH 2 . 4  1 . 2  2 . 7  8 9 . 6  1 . 5  
VNT #2 4 . 4  4 . 9  6 . 5  6 5 . 9  7 . 5 
-/: Motors  L 1 , 12 , L3 and L4 were not running at the t ime of the 
moto r  t e s t ing therefore the dat a for t he s e  uni t s  were  as s umed 
to be the s ame as the i r  respect ive r ight s ide mot o r s . 
( R 1 , R2 , R3  and R4 r espect ive ly ) 
S l u d ge P u mp #1 
M i dn ight 
1 A . M .  
4 A . M .  
5 A . M .  
8 A . M .  
9 A . M .  
A P P E N D I X B 
KWH CA LC U LA T I O N S  FOR 1 983 








m inut es  
m inut es 
m inut es 
m inutes · 
minut es 
m inutes  
S chedu l e  
1 2  Noon - 3 m inut es  
1 P . M .  - 3 m inut es 
4 P . M .  - 3 m inut es 
5 P . M .  - 3 m inut es 
1 0  P . M .  - 3 m inutes  
1 1  P . M .  - 2 m inutes 
The pump ing b reaks down into 3 2  m in . / day run t ime = 1 9 4 . 6 7 hr . /year 
1 . 5  KW ( runn ing ) x 1 9 4 . 6 7 h r s . / yr . = KWH per  year 
5 2  
= 292 KWH 
S l u d ge P u mp #2 
The pump ing s chedu l e  is the s ame as S ludge Pump # 1  
1 . 7  KW ( running ) x 1 9 4 . 6 7 hr . / yr . = KwH per year 
S l u dge P u mp #3 
Pump ing S chedu l e  
Midn ight - 2 minut e s  1 2  Noon -
1 A . M .  - 2 m inut es  1 P . M .  -
4 A . M .  - 2 m inut es  4 P . M .  -
5 A . M .  2 m inut es 5 P . M .  
8 A . M .  2 m inut es 1 0  P . M .  







= 33 1 KWH 
m inut es 
m inut e s  
m inut e s  
m inut es 
m inut es 
m inut es 
The pump ing b r e aks down into 24 minut es ; day = 1 4 6  hour s / year 
2 .  3 KW ( running ) x 146 hrs /yr . = K'�,�H per year 
= 336 KWH 
S l u dge P u mp #4 
Pump ing Schedu l e  
Midn ight - 3 m inutes  1 2  Noon - 4 minutes 
1 A . M .  - 3 minut e s  1 P . M .  - 4 minut es 
4 A . M .  - 3 m inut es  4 P . M .  - 4 m inutes  
5 A . M . 4 m inute s  5 P . M .  4 minut es 
8 A . M .  - 4 minut es  10  P . M . - 4 m inutes 
9 A . M .  - 4 minute s  1 1  P . M .  - 3 m inut es 
The pump ing b r e aks down into 44 m in . / day run t ime = 2 6 7 . 6 7 hr . /year  
1 . 6  KW ( running ) x 2 6 7 . 6 7 hr . /yr . = KWH per year 
R B C  R l  
Cont inuous run in 1 9 8 3 , ther e fo r e  a tot a l  o f  8 7 6 0  hours 
1 .  8 �v x 8 7 60 = 
R B C  R2 
Cont inuous run in 1 9 8 3  = 8 7 6 0  hours 
1 . 8  KW X 8 7 60 = 
R B C  R3 
Cont inuous run in 1 9 8 3  = 8 7 6 0  hours 
1 . 9  KW X 8 7 6 0  = 
R B C  R4 
Cont inuous run in 1 9 8 3  = 8 7 6 0  hours 
1 . 9  KW X 8 7 60 = 
1 5 , 768 KWH 
1 5 , 768 KWH 
1 6 , 644 KWH 
1 6 , 644 KWH 
= 336 KWH 
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R B C  L l  
Cont inuous run i n  1 9 8 3  = 8 7 6 0  hours 
2 . 3  KW X 8 7 6 0  = 
R B C  L2 
Cont inuous run in 1 9 8 3  = 8 7 6 0  hours 
1 . 9  KW X 8 7 6 0  = 
R B C  L3 
Cont inuous run in 1 9 8 3  = 8 7 60 hours 
1 . 9  KW X 8 7 6 0  = 
R B C  L4 
Cont inuous run in 1 9 8 3  = 8 7 6 0  hours 
2 . 1 KW X 8 7 6 0 = 
R O O T S  # 1  
20 , 1 48 KWH 
1 6 , 644 KWH 
1 6 , 644 KWH 
1 8 , 396 KWH 
In 1 9 8 3 , # 1  r an 2 3 7  days @ 24 hours per day 
2 9 . 3  KW x 24 hrs j day = 7 0 3 . 2  KWH/ day 
7 0 3 . 2  KWH/ d ay x 2 3 7  days = 
1 66 , 658 KWH 
R O O T S  #2 
I n  1 9 8 3 , #2 a l s o  r an 2 3 7  days 
2 8  KW x 24 hrs j day = 7 1 2 KWH/ day 
7 12 KWH/ day x 2 3 7 days = 
1 59 , 264 KWH 
H O F F MA N B LOWE R S  
I n  1 9 83 , one Ho f fman b lower ran approx i m a t e l y  1 0  days 
8 2 . 6  KW x 2 4  hrs/ day x 1 0  days = 
1 9 , 824 KWH 
5 4  
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R C  R - 1  
I n  1 9 8 3 , t he r ight s ide recircu l at ion mot o r s  r an cont inuous ly .  
14 . 2  KW x 8 7 6 0 h r s  = 
1 24 , 392 KWH 
RC R - 2 
14 . 2  KW x 8 7 6 0 hrs = 
1 24 , 392 KWH 
RC R -3 
14 . 5  KW x 8 7 6 0 hrs = 
1 27 , 020 KWH 
R C  R -4 
1 3 . 8  KW x 8 7 6 0 hrs = 
1 20 , 888 KWH 
• 
R C  L - 1 
I n  1 9 8 3 , the l e ft s ide recircu l at ion motors ran 5 9  days cont . 
14 . 2  KW x 24 hrs  x 5 9  days = 
20 , 1 07 KWH 
RC L - 2  
14 . 2  KW x 1 4 1 6  h r s  = 
20 , 1 07 KWH 
RC L - 3  
1 4 . 5  KW x 1 4 1 6  h r s  = 
20 , 532 KWH 
RC L - 4  
1 3 . 8  KW x 1 4 1 6  h r s  = 
1 9 , 541  KWH 
5 6  
I N F L U E N T  S C R EW P U M P S  
A t  l ea s t  one pump i s  running cont inuous ly , the r e fo r e  each pump w i l l  b e  
a s s umed to have run f o r  1 2 2  d ays . 
# 1  - 2 0 . 9  KW x 2 9 2 8  hrs = 
6 1 , 1 95 KWH 
#2 - 1 3 . 5  KW x 2 9 2 8 hrs = 
39 , 528 KWH 
#3 - 1 9 . 5  KW x 2 9 2 8  hrs = 
57 , 096 KWH 
I N T E R ME D I AT E  S C R EW P U M P S  
A s  w ith t h e  in f luent pumps , each o f  the three int e rmediate s c r ew pumps 
e ach r an 1 2 2  days . 
# 1  - 1 2 . 6  KW x 2 9 2 8  hrs = 
36 , 893 KWH 
#2 - 1 8 . 9  KW x 2 9 2 8  hrs  = 
55 , 339 KWH 
#3 - 1 1 . 3  KW x 2 9 2 8  hrs = 
33 , 086 KWH 
N O N - PO TA B LE WA T E R  P U M P S  
Fu l l - t ime ope r at ion i n  1 9 8 3 = 8 7 6 0  hours . 
2 pumps , 1 @  3 . 2  KW ;  1 @  1 . 2  KW 
4 . 4  KW x 8 7 6 0  hrs = 
C H LO R I N E  P U M P  
38 , 544 KWH 
Fu l l - t ime ope r at ion for 2 1 4 days ( Apr i l  - October ) 
4 . 6  k� x 5 1 3 6  hrs = 
23 , 626 KWH 
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A E R A T E D  G R I T  
Fu l l - t im e  ope r at ion = 8 7 6 0  hour s  
# 1  - 5 . 2  KW x 8 7 6 0  h r s  = 
45 , 552 KWH 
#2 - 5 . 5 KW x 8 7 6 0  hrs = 
48 , 1 80 KWH 
G R I T  P U M P S  
The r e  w a s  a tot a l  o f  2 pumps for a tot a l  o f  6 . 2  KW and whi ch ran a tot a l  
o f  4 hrs . per  d ay . 
6 . 2  KW x 4 hrs x 3 6 5  days jyr = 
9 , 052 KWH 
A I R  C O M P R E S S O R S  
E ach o f  t h e  s ix compres s ors  r an approx . 15 - 2 0  m in/hr . 
m in / h r , and fo r a tot a l  o f  2 1 . 5  KW 
2 1 . 5  KW" x 2 0  min/h r  x 3 6 5  days = 
62, 780 KWH 
C O M P U T E R  
Us ing 20 
Acco rding to Daktronics , Inc . , the comput er sys t em us es between 3 - 5 
KW .  
5 KW x 8 7 6 0  hrs = 
43 , 800 KWH 
P R I MA R Y  C LA R I F I E R S  
Both c l a r i f i e r s  r an  cont inuous ly in 1 9 8 3 . E ach un it a .:.. s o  us ed 0 .  2 KW 
demand . 
0 . 4  KW x 8 7 6 0  hrs = 
. 3 , 504 KWH 
T H I C K E N E R  
Thi s  un it r an cont inuous ly @ 0 . 5  KW demand . 
0 . 5  KW- x 8 7 6 0  hrs = 
4 , 380 KWH 
G A S  M I X E R  
The gas m ixer  r an 6 hrs /day with a demand o f  .9 . 7  KW .  
9 . 7  KW x 6 hrs / day x 365  days = 
2 1 , 243 KWH 
COMM I N U TO R S  
Both un its  r an cont inuous ly at a demand t ot a l  o f  0 . 8  KW .  
0 . 8  KW x 8 7 60 hrs = 
7 , 008 KWH 
V E N T I LA T I O N  MOTO R S  
Pret reatment , Wes t Wa l l  - Runs cont . @ 0 . 7  KW 
South End - Runs cont . @ 2 . 4  KW 
# 2 Loca l  - Runs cont . @ 4 . 4  KW 
7 . 5 KW ( to t a l )  x 8 7 6 0  hrs = 
63 , 700 KWH 
F I LTE R S  
5 8  
Each o f  the two f i l ters  t akes 5 m inute s  per b ackw a s h . As sum ing each 
f i l t e r backwashes tw ice per hour : 
# 1  - 0 . 8  KW ( b r idge ) + 2 . 9  KW (backwash ) = 3 . 7  KW 
3 . 7  KW x 1 0  m in/hr x 3 6 5  days = 
#2 - 2 . 9  KW + 2 . 3  KW = 5 . 2  KW 
5 . 2  KW x 1 0  m in/hr x 365  days = 
CO N T RO L R O O M  B O I L E R  
5 , 402 KWH 
7 , 592 KWH 
A met er 
1 - 1 8 - 84 .  
was p l aced on t: h i s  bo i l er that measured KWH f rom 1 - 5 - 84 to 
A t o t a l  o f  1 0 , 5 5 0  kw·H we re us ed in ' t h i s  13  d ay p e r iod . F rom 
5 9  
the No rthwe s t ern Pub l ic S e rvice 
det e rm ined that January account s  
' degree day ' t ot a l . 
Company in B rookings , SD , it was 
for approxim at e ly 20% of the year ly 
January 1 9 84 exper ienced 1 7 7 0  degree day s  wh i l e January , 1 9 8 3  to 
D ecemb e r , 1 9 8 3  exp e r i enced a tota l  o f  7 2 5 8  degre e  days . 
Thus a t o t a l  o f  25 , 1 5 8  KWH were consumed in J anuary , 1 9 84 . Thi s  is  
equa l t o  1 4 . 2  �vH / degree day . 
S ince 1 9 8 3  exp e r i enced 7 25 8  degree days , at 1 4 . 2  KWH per  d . d , 
14 . 2  KWH x 7 25 8  degree days = 
1 03 , 064 KWH 
P R E T R EA TME N T  ROOM BO I L E R  
A s  w i t h  t he Cont ro l Room Bo i l e r , t h i s  un it  was t e s t ed over a length o f  
t ime in 1 984 . The t o t a l  KW H  us age i n  1 9 8 3  w a s  aga in pro - rated and 
corres ponded t o  the appropr iate numbe r  o f  degree days . 
The tot a l  numbe r  o f  KWH ' s = 
95 , 800 KWH 
L I G H T I N G  
286 , 40 -watt F luor e s c ent tubes @ 24 h r s / day 
= 1 00 , 2 1 4  KWH 
9 1 ,  7 0 -watt ' Sod ium ' un it s @ 24 hrs / day 
= 55 , 80 1  KWH 
1 8 0 , 15 0 -watt Incande s c ent bu lbs @ 24 hrs / day 
1 0 , 2 2 -watt F luores c ent r ings 
= i36 , 520 KWH 
= 1 , 927 KWH 
1 6 , 2 5 0 -watt St reet l amp s @ 8 hrs / day 
= 1 1 , 680 KWH 




USED , SERV I CE WASTE 
MONTH / YEAR B O I LER GAS , c f  GAS , c f  
January 1 9 8 3  6 6 5 . 5  3 5 9 , 3 0 0  1 0 1 , 8 9 0  
Febru ary 1 9 8 3  4 15 . 3  3 15 , 9 60 1 0 7 , 8 2 0  
March 1 9 8 3  546 . 0  428 , 1 3 0  1 1 0 , 7 9 0  
Apr i l  1 9 8 3  3 8 7 . 3  404 , 6 0 0  1 3 6 , 6 7 0  
Hay 1 9 8 3  2 15 . 0 3 7 6 , 2 7 0  2 7 7 , 9 9 0  
June 1 9 8 3  5 6 . 3  3 36 , 3 8 0  2 3 3 , 1 7 0  
Ju ly 1 9 8 3  1 1 1 . 2  2 3 2 , 5 0 0  3 0 3 , 9 1 0 
Augu s -t 1 9 8 3  4 . 9  1 5 3 , 7 9 0  3 8 6 , 8 0 0  
S ep t emb e r  1 9 8 3  9 . 6  1 6 2 , 1 5 0  349 , 3 3 0  
October  1 9 8 3  1 8 0 , 3 8 0  34 , 4 1 7  
Novemb e r  1 9 8 3  1 8 7 . 4  2 7 6 , 2 8 0  9 3 , 2 3 0  
Dec embe r 1 9 8 3  2 14 . 9  3 8 6 , 640 1 0 1 , 2 3 0  
T A B L E  C t .  D I G E ST E R  G A S  U SA G E  F O R  19 8 3  
Time 
( m in . ) 
0 
1 : 00 
2 : 00 
3 : 00 
4 : 00 
5 : 00 
6 : 00 
7 : 00 
8 : 00 
9 : 00 
1 0 : 0 0 
D . O .  
(mg/ 1 ) 
8 . 0 0 
4 . 4 0 
3 . 7 0  
3 . 0 0 
2 . 4 5 




0 . 50 
D . O .  
( mg/ 1 )  
3 . 6  
0 . 7 0 
0 . 7 0  
0 . 5 5 
0 . 50 
0 , 50 
0 . 40 
0 . 35 
0 . 20 
Temp . 













Dat e 3 - 9 - 8 4 
Time 6 : 5 5  p • m • 
ATC 4 . 1 
Temper ature 1 0 
6 1  
� = D . O .  - D . O .  = 4 . 4  0 . 7  
1 2 3 4 5 6 1 8 9 1 0 
T i me ,  minutes 
m in . m inut es 7 
= 0 . 5 3 mg/ 1 /min 
O . U . R .  = mg/ 1 /m in x 6 0  m in/hr 
= 0 . 5 3 x 6 0  m in / hr = 3 1 . 8  mg/ 1 /hr 
o2 Requ i r ement = O . U . R .  x bas in vo l ume x lbs  wat e r / ga l  
= 3 1 . 8  x 0 . 1 1 8 m . ga l  x 8 . 34 .  = 3 1 . 3  l b  Gz !hr 
Tab le C2 . O xyge n U pta ke Te st 
6 2  
Time D . O .  D . O .  Temp . 
( m in . ) ( mg/ 1 )  ( mg/ 1 )  c c · )  Dat e 3 - 9 - 8 4 
0 1 0 , 0  Time 7 : 1 0 p . m .  
1 : 00 2 . 9 5 7 . 0 5  _9_ ATC 4 . 3  
2 : 00 1 . 3 5  1 . 6 0  Temp e r a�ure � 
3 : 00 0 . 80 0 . 5 5 
4 : 00 o . so 0 . 30 
9 
5 : 00 0 . 40 0 . 10 8 
6 : 00 0 . 35 o .,os _9_ 7 
7 : 00 _ 6  
' 
a s  
8 : 00 E 
: 4  
9 : 00 
0 
· 3  c 
1 0 : 0 0 2 
1 
1!!&Ll. = D .  0 ·i - D .  0 · f  = 0 .  8 0  - 0 .  35  
1 2 3 4 5 6 7 8 9 1 0  
T i m e ,  mi n .  
m in .  minut es  3 
= 0 . 15 mg/ 1 /min 
O . U . R .  = mg/ 1 / m in x 6 0  m in / hr 
= 0 . 15 x 6 0  = 9 mg/ 1 /hr 
0 2 Requi r ement = O . U . R .  x bas in va l .  x lbs . w at e r / g a l  
= 9 x 0 .  1 3 5  m .  ga l .  x 8 .  34 = 1 0 . 1 1 b  0 .,Jh r  
� 
Ta b l e C3 . Oxyge n U p ta ke Test 
Time D . O .  
( m in . ) ( mg/ 1 )  
0 1 2 . 0  
1 : 00 5 . 4  
2 : 0 0 4 . 7 
3 : 00 4 . �  
4 : 00 4 . 3 
5 : 0 0 4 . 1 5 
6 : 00 4 . 0 5 
7 : 00 3 . 9 5 
8 : 00 3 . 8 5 
9 : 0 0  
1 0 : 00 
mg/ 1 = D . O i - D . O f 
m in . minute s  
D . O .  Temp . 
( mg/ 1 )  c c · ) 
_9 _ 
6 . 6 
0 . 7  
0 . 2  _9_ 
0 . 2  
0 . 1 5 
0 . 1 
0 . 1  
0 . 1  �1 
= 4 .  7 3 . 85 
6 
= 0 .  14  mg/ 1 / m in 
O . U . R .  = mgf l / m in x 6 0  min/ hr 
= 0 . 1 4 x 60 = 8 . 5 mg/ 1 /hr 
Dat e 3 - 9 - 8 4  
T ime 7 : 2 0 p . m .  







� 4  




1 2 3 4 5 6 
T i m e , m i n . 
o 2 Requ i r ement = O . U . R .  x b as in vo l .  x l b s  w at e r / g a l  
= 8 . 5  x 0 . 1 6 8  m . ga l s . x 8 . 34 = 1 1 . 9  lb o2 ;hr 
Tab l e  C4 . O xyg e n  U pta ke Test 
6 3  
7 8 9 1 0  
Time 
( m in . ) 
0 
1 : 00 
2 : 00 
3 : 00 
4 : 00 
5 : 0 0 
6 : 00 
7 : 00 
8 : 0 0  
9 : 0 0 
1 0 : 00 
D . O .  
( mg/ 1 )  
6 . 4  
5 . 9 
5 , 6  
5 . 3  
5 . 2  
5 . 0  
4 . 9 
4 . 8  
D . O .  
( mg/ 1 )  
o . o  
0 . 5  
0 , 3  
0 , 3  
0 . 1 
0 . 2  
0 . 1  




mg/ 1 = D . O i - D . O f = 5 . 6  - 4 . 8  




- 6  
.......... 
CD S E 




= 0 . 1 6 mg/ 1 / min 
O . U . R .  = mg/ 1 / m in x 6 0  m in / hr 
= 9 . 6  mg/ 1 /hr 
D a t e  3 - 9 - 8 4  
T ime 1 : 3 4 p • m .  
ATC 4 .  5 
Temperature 
Tim e . min. 
O z Requi r ement = O . U . R .  x bas in vo 1 .  x lbs wat e r / g a l  
= 9 . 6  x 0 . 20 2  m . ga l s  x 8 . 34 = 1 6 . 2  lb O z/ h r  
Ta b l e C5 . O x ygen U p ta ke Test 
6 4  
9 1 0  
